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(57) ABSTRACT 

Relating to a method for fabricating an organic electrolu- 
minescent display having improved surface flatness and 
thickness uniformity as well as an improved image quality 
at edge regions of a pattern, a method for fabricating an 
organic electroluminescent display includes the steps of; 
forming a first electrode layer on a tra nspareot substrate, the 
first electrode layer being a positive electrode; forming an 
assistant layer on the first electrode layer; forming an 
organic iu mfaescent layer on the assistant layer by scanning 
a donor film using a laser beam, the donor film being 
disposed on the substrate having luminescent materials for 
R, O, and B; removing the donor film; and forming a second 
electrode layer on the organic luminescent layer, the second 
electrode layer being a negative electrode, wherein the step 
of forming an organic luminescent layer comprises the step 
of dithering the laser beam in a dircciioa perpendicular to a 
scanning direction of the laser beam. 

3 Claims, 8 Drawing Sheets 
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FIG.10 
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ABSTRACT OF THE DISCLOSURE 
In a method for fabricating an organic electroJumtrteacent display, a first 
electrode layer Is formed on a transparent substrate, and a hole transport layer 
is formed on the first electrode (oyer. After an organic luminescent layer la 
s formed on the hole transport layer by scanning a donor film disposed on the 
substrate using a laser beam, the donor mm is removed and then a second 
electrode Is formed on the organlo luminescent layer. The laser beam dithers 
wMIe performing the scanning operation to make the energy distribution 
uniform* 



Page 12 of 26 

METHOD FOB FABRICATING ORGANIC et£CTR0UIM(Nfi8CENT 

DISPLAY 

s This apftfcatton is based on application No. 2000-49297 filed with the 

Korea Patent Office on August 24, 2000, the content of which Is hcomoratad 
hereto by reference. 

BACKQBOUMDQPTH^^Yp^n^ 

to 1. Held of the Invention 

The present troentbn rotates to a method nr fabrtcating an organic 
electroJumlnsscemaTspJaythaacanlmp 
edges of a pattern, 

2. Description of the Related Ait 

is An eJectrolumtoescent display is designed to resize an (mage by 

exctOng an electroluminescent material disposed between electrodes by 
applying a voltage to the electrodes. 8ucrt an electroluminescent display Is 
daesHled Into an Inorganic electroiurnlnescertt display and an onjanlo 
electroluminescent display according to the electttf urnlnescent rneJertsL The 

ao fatrwtewWeJyuBedfbrabad^ 

a display as it advantages at that It can be driven with atow voltage and has a 
high responsiveness and polyehreme. 

Generally, such an organic electroiurnJnescent display comprises a 
transparent substrate, an anode electrode formed on the substrata, an omenta 
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luminescent layer covering the anode electrode,, and a cathode electrode 
formed on the organic luminescent layer. 

The otBanle luminescent layer may have a variety of structures 
according to an efecmjlwrfhescent material. For ammpto, the organic 
8 fumIne8c^layern^b»fofnwdcfahctetr^ 
and an electron transport layer. 

tn the above described organic etarfrolumfcesoeftt display, the organic 
luminescent layer b designed to reaJka red (R), oreen (Q), and blue (B) coiora 
ao that it can be applied to a color display. 

io Such an organic luminescent layer Is generally formed through a 

well-known vacuum evaporative deposition process or optical etchhg process. 
However, the vacuum evaporative cleposttlon process has a ftnttatton tn 
reducing the physical gap between the patterns and ft Is difficult to form a 
minute pattern to tens of m level which Is required against the possible 

io deformation of the mask; When the optical etching process b applied, 
although ft is possible to term the minute pattern, the property of the 
aanlneacent material forming the organic luminescent layer may be deteriorated 
by the developing solution or the etching solution. 

Therefore, In recent years, a thermal transferring method that Is a kind 

a> of dry etching processes has been proposed to form the organic luminescent 
layer. 

The thermal transferring method converts Qght emitted from a light 
source into thermal energy by which an image formation material b transferred 
to a substrate to form the organic luminescent fayir. Therefore, to perform the 



Page 14 of 26 

thermal transferrins method, a light source, a donor film and a substrata am 
required. 

Descrfofog thatherrnal transferring method more In detail, when light to 
emitted from a light source such aa a laser unit to a donor film, the Bflht it 
6 converted Into thermal energy by a light absorption material of the donor film. 
The thermal energy avows the luminescent rnaterlal of the donor fflm to be 
trarjsfsrred to the surface of thaw 

That to, the organic luminescent layer to formed by scan laser beam to 
the door fflm disposed on the substrate. The focus of the laser beam b 
10 adjusted to a predetermined value, on the donor film disposed the substrate. 

U.S. Patent No. 6,521,035 discloses a method for fabricating a color 
ffltar for a liquid crystal display through a laser thermai transferring process. 

In the patent; the color finer Is fabricated by a laser Induction thermal 
transferring process for transferring a color material from a donor film to a 
is subatn^suchoaag^orapo^rfcfllm. As a laser unit, an Nd:YAQ laser 
system maybe used. Thts will be described with reference to FIG. 1 . 

Aa shown In R& 1, the Nd:YAQ laser Is designed to form a Gaussian 
beam B1 shaped In a Gaussian functional distribution. VVrtm a diameter of the 
Gaussian beam B1 Is set above 60pa, the fricflnatfon of the energy distribution Is 
20 reduced ae R goes away from the center point O. 

Accordingly, as shown In RQ. 2, when the organic luminescent layer is 
formed by the scanning operation of the Gaussian beam B1 having a 
predetermined diameter In an X-dlrectton, since the beam Intensity Is low at the 
both edges 20 of the organic luminescent layer, the Image quality at the both 
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edges 20 Is deteriorated when compared with the central portion. 

When the- energy of the lasar beam Is kitenaffied to improve the Image 
quality at the edges 20, since the energy to excessively Increased at the central 
potion, the surface of the Image pattern becomes irregular. 
5 When the laser thermal transferring method Is used to form the color 

filter, a transfer material (color material) Is formed of a binder polymer and 
pigment inducing color change and dispersed In the binder polymer (acrylic add 
resin or epoxy resin) at a ratio of 20-40%. The binder polymer eknpry functions 
for transmitting tight Therefore, to form a desire color pattem.-a kind of binder 

io polymer, a Tg (Glass Transmission Temperature) value or a molecular weight of 
the binder polymer should be properly modified. 

Conventionally, the color material has a Tg value of about 60-1 20°C and 
a molecular weight of about 1,600-5,000. The color layer formed by the color 
material ruw a thfckrtess of alio ut1-2jn. 

is When tho laser thermal transferring method Is used to form the organic 

electroluminescent display, the property (purity, Tg value, molecular weight and 
the Oks) of the transfer material (luminescent material) highly affects on the 
quatty of the device. Therefore, when an inappropriate material Is added, the 
quality of the device may suffer deathblow. Therefore, U is preferable to adjust 

20 the pattern quality by adjusting the laser transferring condition rather than 
modifying the property of the luminescent material 

Since the luminescent material used for the organic electroluminescent 
display has a molecular weight above 10,000 and a Tg value above 100°C, it is 
relatively difficult to perform the process for formtng the organic luminescent 
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layer when compared with the process for forming the color layer. The 
thickness of the organic luminescent layer which should be realized through the 
laser thermal transferring method should be 6O-100nm which Is toes than that of 
the color layer of the color filter. 
6 Therefore, to form such a thin organic luminescent layer, aeruputous 

cars In setting a laser team transferring condition and an energy distribution to 
further required. 



SUMMARY OFTHE INVENTION 
io It la an objective of the present Invention to provide a method for 

fabricating an organlo electroluminescent display having an Improved pattern 
quality: 

To achieve the above objective, the present Invention provides a 
method for fabricating an organlo electiDlumtneseent display, comprising the 

18 steps of forming a first electrode layer on a transparent substrate; forming an 
assistant layer on the first electrode layer, farming an organic luminescent layer 
on the assistant layer fay scanning a donor film disposed on the substrate, using 
a laser beam; removing the donor film; and forming a second electrode on the 
organlo luminescent layer. 

20 The step of forming an organlo luminescent layer further comprises the 

step of allowing the laser beam to dither with respect to an advancing direction 
of the laser beam. 

The laser beam is radiated from a single laser unit and spitted Into more 
than two splltted laser beams, the spitted laser beams being synchronized to 



Page 17 of 26 

slmu8aneoualy scan adjacent corresponding patterns. 

Alternatively, the laser beam b formed of m least tvm laser beams which 
are radiated from at least tw toser units «itf overtopped one another, the taser 
beams radiated from the Irar units having an Identical enemy distribution, 
s Aftemattwry, the laser beam Is formed off at least two laser beams 

radiated from at least two laser urto ami performing thssca^ 
different phase. The laser beams are aynenrenlssd to simultaneously scan 
adjacemeorreapoiulinfl patterns, 

A dithering speed of the laser beam is higher than an advandng speed 
10 of the laser beam. 

Preferably, the dfthertng speed of the fsser beam is about 100-1 000kHz. 
Preferably, the toser beam performs the dithering operation while 
making one of a frequency wave selected from the group consisting of a 
etne-wave. a sawtooth-wove, a trapezoid -wave, or a modified she^ava. 
16 The laser beam has a section formed in an oval-shape having a 

tongftudtnal diameter greataftrtan a iatera! diameter, the longitudinal diameter is 
formed In a scan dtrectton. 

Preferably, the tongftudhal diameter to about 200-500^2 and the lateral 
diameter Is about 15-50/a. 
bo Preferably, wherein the organfo luminescent layer to formed of a poly 

phenytene vinytene (PPV)-based material or poly fluorine (PF) -based material. 

According to another aspect* the laser beam is a complex laser beam 
formed by mixing a first laser beam having a smooth inclination ataPe*(peakof 
energy of the first laser beam)/2 and second laser beams having a steep 
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Inclination ataPe°(peak of eniw of the second laser beams)£. 

Preferably, the complex laser beam has an Inclination atMvo2^B at a 
Pe(peak of energy of the complex laser beam)/2. 

Preferably, a section of the complex laser beam le formed In oval- 

s shape. 

Pieferab V. the complex laser beam has power of about 0W(W«9 and 
en advance speed of siKKrt 5-11 rrtf^ 



BRIEF DESCRIPTION OP THE PBAWIMBft 

10 The accompanying drawings, which are tacoo^tatedmuKlccflstbfea 

part of the specification, Illustrate en enfcocflrrant of the Invention, and, together 
with the desonptfon, serve to explain the principles of the Invention: 

FIQ. 1 is a graph lor Hbstrating an energy distribution of a laser beam 
uaedfora conventional thermal transferring method; 
16 RQ.2l8a8ChemaJtevIewfofinu8traiingarntf 
using a conventional thermal transferring method; 

FIQ. 3 is a achematto view for Dtustrating an organic etectrolumlnescent 
display fabricated under the present Invention; 

FIQ. 4 Is a block diagram for Illustrating a method for fabricating an 
20 organlo etectrolumlnescent display according to a first embodiment of the 
present Invention; 

FIG. 5 b a schematic view tor illustrating a laser thermal transferring 
method described with reference to FIG, 4; 

FIGS. 6 to 8 are schematic views for Illustrating dithering examples of a 
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laser beam depleted in RG. 5; 

FIG. 9 is a graph for Illustrating a sectional energy distribution of a laser 
beam used for a thermal transferring mtthod that can bt employed to the first 
embodiment of the present rnventton; 
5 FIG. 10 b a schematic vtew for Kustaating a first modified example of a 

laser thermal transferring method tnm can bo envtoyed to thefts 
of the pieeent Invention; 

FIQ.11 is a schematic view for Brustratirfl^ 
a thermal transferring method that can be employed to the first embodiment of 
10 the present Invention; 

FIG. 12 fa a echematto view for Mustering a third niodHJed example of a 
laser thermal transferring method that can be employed to the first embodiment 
of the present trrvention; 

FIG. 13 Is a schematJo view tor Olusttatlng a transferring apparatus for 
IB leaflzfogthafrftttemoodlnie^ 

RG. 14 is a block diagram for Illustrating a method for fabricating an 
organic eleolmlumfnescent display according to a second embodlmerit of the 
present invention; and 

RG. 16 Is a graph for Illustrating a sectional energy distribution of a 
20 laser beam applied to the second embodiment 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present Invention will be described In 
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detail with reference to the accompanying drawings. 




HQ, 3 shows an organic electroluminescent display fabricated under the 




present Invention, and HQ. 4 shows • method for fabricating an organto 




electroluminescent display according to a first embodiment of the present 


6 


Invention. 




As shown In the drawings, a first electrode layer 12 having a thickness 




of about 100-600nm Is formed on a transparent substrate 10 by sputtering (TO 




(Indium Tin Oxide). 




An assistant layer (hole transport layer) 14 having a thickness of about 


10 


10»100nm Is fanned on the first electrode layer 12 by. far example, a eptn 




ooating process, a dip coating process, a vacuum evaporative deposition 




process, or a thermal transferring process. An R. G. B organic luminescent 




layer 16 Is formed on the assistant layer {hole transport layer) 14 by a thermal 




transferring process according to a feature of the present Invention. A second 


15 


electrode layer 18 Intersecting the first electrode layer at right angles is foimed 




on the organlo luminescent layer 16. 




Preferably, the second electrode layer 18 Is formed by depositing 




aluminum through a vacuum evaporative deposition process at a thickness of 




about 6O-1S00nm. An Insulating layer formed of an organlo materia! such as 


?o 


polymer photoresist or an Inorganic material such as S102 and SiN2 may be 




deposited between the line patterns of the first electrode. 




In addition, a material such as UF« Ce* or Ba may be disposed between 




the organic luminescent layer and the second electrode layer. 




Preferably, the organlo luminescent layer 16 Is formed of a poly 
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phenytene vtoylene (PPV)-basad material or pofy fluorine (PF>based materlaL 

PIO. 5 shows a schematic view for Iflustratlng a laser thermal 
transferring method described with reference to FKJ. 4. 

in the drawing, the reference numeral 22 Indicates a laser beam for 
5 scanning a pattern 20. 

The laser beam 22 moves from toft to right In the drawing (Le^ In an 
X-direotfM) along too pJttsm 20^ At this point, 

white moving In the X*d fraction, the laser beam 22 dithers tn a Y-dliectton. 

By the dithering movement of the laser beam 22, the thermal 
10 transferring process Is effectively realised even at both edges 20a and 20b of 
the pattern 20. The dithering movement Is realised by alternating the 
advancing direction of the laser beam under the control of an acousto-optto 
modulator &AOM). 

In addition, the dithering speed (LB- a moving epeed ki the Y-dlrecUon) 
is Is preferably higher then the advancing speed (Le., an advancing speed m the. 
X-directlon). That IB, considering the advancing epeed and the energy 
dlsfrfbutlon, ft Is preferable to setthedfiherlng speed at about 100-10,000 KHz. 

Although the section of the laser beam may be formed in a 
circular-shape, but It Is more preferable to be farmed In an oval-shape. 
20 Particularly, as shown In the drawing, the section of the ove>ehaped laser beam 
22 Is design ed such that a diameter m a direction of an X-axfa On the advancing 
direction) Is greater that a diameter in a direction of a Y-axis (In the dithering 
direction). Therefore, when the scanning Is performed, the overlap ratio of the 
laser beams Is Increased, whereby the energy distribution Is uniformly applied 
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to the entire portion of the pattern 20. 

When the lateral width w of the pattern 20 b 60»15ty% R Is preferable 
that the section of the laser beam fa oval-shaped having *• X-axis diameter of 
200-500/m and the V^oda diameter of 154X)ab. 
s As shown in FIG9. 6 to 8, the laser beam performs Ha scanning 

operation while making asme-wave {see FIG. 6), a sawtooth-wave (see FIG. 7), 
a trapezoM-wave (see FIG. 8), or a modified sine-wave (hot shown). At mis 
point, fee sectional energy distribution of the laser beam 22 Is as shown In FIG. 
9. 

10 As shown in FIG. 9, when the laser beam performs Its scanning 

operating without the dttherfng movement; the laser beam (i.e., Gaussian beam 
B1) has an energy distribution having an inclination reduced aa ft goes from the 
central portion to the edges oftha pattern. 

However, the laser beam 22 of the present Invention has en energy 

is distribution having an inclination steeply Increased as it goes from the central 
portion to the edges of the pattern (See graphs B2 and B3 in FIG. 9 which 
respectively represent the laser beams performing their dithering movements h 
the shape of the sine-wave and the trapezoid-wave). 

As described above, the Intensity of the laser beam 22 of the present 

zo invention Is not reduced even at the edges 20a and 20b of me pattern 20, 
thereby effectively realizing the thermal transferring process. That is; as tn the 
conventional laser beam B1, when the beam Intensity Is Increased to 
compensate for the Intensity of the beam edge, the surface of the pattern 
becomes uneven. However, the laser beam of the present invention has the 
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beam Intensity throughout Its entire area, there to no need to Increase the beam 




Intensity to compensate for the beam edge. As a result, the flatness of the 




pattern can bo improved. 




In the above-d escribed first embodiment, a single laser beam to radtated 


5 


from a sfogta laser unit However, the present Invention to not Med to this. 




That IB, oa shown In FIQ, 10, piural split laser beams 22 end 22* may be 




radiated from a single laser unit (not shown) so that plural organic luminescent 




layer patterns 20 and 20' ere simultaneously scanned. Preferably the pRiral 




soft laser beariw are synchronized This allows the process time to be saved. 


10 


Alternatively, as shown in RGL 11, piural laser beams radiated from 




plural laser units are overlapped one another to form a single overlapped laser 




beam 32. As more tr^ two laser bearra are overlapped^ 




Increased, reducing the scanning lime. 




Aftemattvely, aa shown in RG. 12, plural laser beams 42 and 44 are 


16 


radiated from plural laser unite (not shown) and perform the scanning operation 




wfth different phases. 




RQ. 13 shows a thermal transferring apparatus for rea02lng the 




above-described thermal transferring methods. 




Alight source 50 radiates a solid laser beam auoh aa NO/YAO or a gas 


20 


taser beam such as CGs laser. 




Aa described above, the radiated laser beam may be the single laser 




beam or the split laser beams or the single overlapped laser beam. Use split 




laser beams may be advanced In an overlapped state or In oBsrent phases. 




The laser beam (Le., the single laser beam or the split laser beams or 
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tha single overlapped laser beam) radiated from the Bght source 60 Is adjusted 
In Its Intensity by a modulator 62 and then reach a scannhg mirror 66 via a flret 
lens array 64. 

The scanning minor 66 guides the laser beam path to the target on trie 
6 substrate. 

The laser beam reached the scanning mirror 66 is emmsd to the donor 
IBm 60, on which a luminescent materia! to deposited, vta a second tons array 
60. Then, only a portion of the donor film 60, which is scanned by the laser 
beam, totranaferredtothe substrata 62. 

10 Tito donor film 60 and the substrate 62 are supported on a stage 64 

whose movement to controlled by a computer 66. The computer 66 also 
controls the scanning minor 66 ffuough a scanning mirror corrtroBer 66. 

The dithering ntovemertt of the laser beam to controied by the 
modulator 62 which Is controlled by the computer 68. 

15 In the above modffied examples, the laser beams are dithered various 

type. However, the presort Invomion Is not nmtted to this. As shown In FIGS. 
14 and 15, plural laser beams having a different energy distribution from each 
other may be mixed. That la, a complex laser beam B4 may be formed by 
mixing a laser beam B5 having a smooth hcOnattcn at the Pe'(peak of energy 

20 of the laser ceamBS)/2 and laser beams B6 and B6' having a steep Indinatlon 
at the Pe"(peak bf energy of the laser beams B6 AND B8*)fe> 

As the laser beam B& laser beam having an IncUnatlon of about 
1.0-6.0%/foa at the Po'12 and a lateral diameter of about 40-200jaa Is preferably 
used, and as the laser beams B6 and B6', laser having en IneUrutfon of about 
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$~9%lm at the Pe"/2 and a lateral diameter of about 9Q-76m to preferably 
used. 

Accordlngty, the complex laser beam B4 has an Inebriation of the energy 
distribution above 2.0%//« at the Pe/2. . This ehowB that the inoltatkm of the 
5 complex laser beam Is ojeater mm 

The Gaussian beam has an Inclination of about et the peak of 

enefgy/2. 

The complex laser beam B4 has a eedfon formed In an eve*3hBj» 
having a longitudinal diameter greats/ than a lateral diameter, the kmgftudinal 

10 diameter Is formed In a scan direction, and power of about 8W(Watt) and an 
advancing speed of about S~11m/seo. 

As describe above, the laser beam (Le., Gaussian beam B1) has an 
enemy distribution having a smooth Inclination as ft goes from the centre! 
portion to the edges of the pattern, while the complex laser beam B* of the 

is present Invention has an ertergy distribution hevfngasb^^ 

from the centra) portion to tfia edges of the pattern. That is, the Intensity of the 
complex laser beam B4 Is not reduced even at the edges 20a and 20b of the 
pattern 20, thereby effectively reaiEzIng the thermal transferring process. That 
Is, as In the conventional laser beam B1, when the beam rrrten3% to Increased 

20 to compensate for the Intensity of the beam edge, the surface of the pattern 
becomes uneven. However, the complex laser beam 84 of the present 
Invention has the beam Intensity through out Its entire area, there la no need to 
Increase the beam Intensity to compensate for the beam edge. Asa result, the 
flatness of the pattem can be Improved. 
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While this Invention has been described In connection with what la 
presently considered to be the most practical end preferred embodiments, It is 
to be understood that the Invention fs iiotlnMtothedlMloeed«nlxid^n1% 
but, on the contrary. IS Intended to Dover vaitous rnodfflcatkms and equivalent 
8 errariaenieritslndudedwilhta 



